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© Improved air-spring, in particular for the use under extreme conditions. 



© An improved air-spring with a diaphragm (20) 
fixed to a closing element by overlapping fitting, 
wherein the diaphragm (20) is made of rubber or any 
other synthetic material similar to rubber, it is pro- 
vided with a strength carrier insert and it has on one 
or both ends flanges (20a) reinforced with steel wire 
or any other suitable wire. 

In order to provide an air-spring construction 
with exchangable diaphragm, to prevent back-slide 
j^in course of use, to achieve a proper airtightness 
^and to reduce production costs on one or both ends 
of the diaphragm (20) the closing element is a 
^cylinder-symmetrical flange-disc (19), made of 
© sheet-material processed expediently by the technoi- 
m ogy of sheet-deformation, which is subdivided into 
§ sections promoting assembly with introductory con- 
fOtinuously increasing and thereafter reduced local di- 
^ameter, furtheron an impact surface (21) is provided 
for to assure proper positioning and airtightness of 
ft- the diaphragm (20), while the latter one with the part 
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of the flange-disc (19) with a reduced diameter 
thereto, as well as with the properly positioned dia- 



phragm (20) confines a closed annular space-part 
(22) on three sides. 
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IMPROVED AIR-SPRING, IN PARTICULAR FOR THE USE UNDER EXTREME COKJDflYIOWS 



The Invention relates to an improved air-spring, 
mainly for the use under extreme conditions, pro- 
vided with a diaphragm made of rubber or any 
synthetic material similar to rubber with an insert 
as strength-carrier, and on one or both ends the 
diaphragm has flanges reinfornced with steel wire 
or any other suitable wire. 

As it is well known, air-springs consist gen- 
erally of a diaphragm made of rubber-textile ma- 
terial which is capable for deformation, and of a 
metal armature, the closing element, connected 
thereto and providing airtight closure. The function 
of the clsoing element is to fix the air-spring to the 
springing body (e.g. a vehicle) and simultaneously 
assure inlet and outlet of the actuating air. Airtight 
closure is to be established between the flanges of 
the diaphragm and the closing element so, as to be 
able to maintain increased pressure caused by 
springing in the full length of the spring path, i.e. to 
achieve airtight closure even upon the effect of 
tensile forces upon the extreme release of springs. 

Several solutions have been proposed for the 
formation of the system consisting of the closing 
element and the diaphragm. 

With one type of known air-springs the flanges 
of the diaphragm are fixed between the two metal 
parts by the compressive force of screws. Such a 
solution is to be seen in Fig. 1 and 2. wherein 
compressive force provides a hermetic sealing and 
keeps the flange of the diaphragm in the proper 
position. 

Figure 1 shows the clamped flange of the 
diaphragm of an air-spring and the way of assem- 
bly for achieving hermetic sealing, in a semi-sec- 
tional view. 

With the solution known from practical manu- 
facture - having been spread in all world - the 
flange of diaphragm 1 is fitted into the properly 
shaped part of a closing element 2. This operation 
is rather wearisome due to a vulcanized marginal 
wire 5, thereafter the fixing lid 3 is fitted onto the 
screws contained in the closing element 2 - the 
number of which amounts to at least eight -, the 
closing lid contains also the connection for air, and 
it is fixed by means of nuts. After having screwed 
the nuts with the proper torque, sealing is estab- 
lished on the desired place. 

Figure 2 is a semi-sectional view of a solution 
well-known from practice, in which hermetic closing 
is obtained by means of screws. A part of the air- 
spring, similarly to the illustration according to fig- 
ure 1 is shown in a half-view and half-section. In 
comparison to figure 1 the essential difference is 
that the diaphragm-flange 6 is turned by 180* in 
relation to the flange of the diaphragm 1. Consider- 



ing that the flange 6 is fitting to the closing element 
along a shorter periphery, than the diaphragm 1. 
the number of the fixing screws 8 of the closing 
element 7 is less (1 to 4 pieces) and the tolerance 

s of the production is not so strict Arrangement of 
the fixing lid 9 and air-connection 10 corresponds 
to that of Figure 1 . The drewback of clamping - as 
to be seen in figs. 1 and 2 - lies in the high costs 
and in the complicated mounting. 

10 Figure 3 shows the flange part of a ususaf air- 

spring, in a semi-sectional view. In this case forma- 
tion of the rolling diaphragm 1 1 corresponds to that 
of Figure 1, wherein the lid is not installed by 
screws, but it is a compressed (flanged) lid 12. 

15 That means that the diaphragm cannot be dis- 
assembled when it becomes damaged, and the lid 
12 must be thrown out together with the air-con- 
nection 13 thereon and all the other fittings and 
connections. 

20 Figure 4 illustrates a formation of the flange 

which is generally used. The Figure is a semi- 
sectional view of the whole air-spring and the her- 
metic flange- part as well. The flange of the diapg- 
ragm 14 is pulled onto the profiled ring 16 which is 

25 welded onto the fixing lid 15. In this case airtight 
sealing is obtained by dimensional overlapping, 
while resistance to downwards motion of the flange 
of the diaphragm can be achieved only by the 
adhesion of the close fitting (overlapping) of the 

30 conical surfaces. This solution can be easily as- 
sembled, however, in an extreme springing position 
the diaphragm may slid down easily from the pro- 
filed ring 16. 

Figure 5 is a semi-sectional view of a known 

35 air-spring, illustrating a frequently used method for 
fitting the flanges and metal parts. In this case too - 
as specified in connection with Fig. 4 - an airtight 
closure is obtained on the conical surfaces of the 
metal and the flange of the diaphragm, establishing 

40 a proper overlapping. The extent of overlapping 
and the cone angle influence possibility of assem- 
bly, airtightness and pulling force (that means the 
force, which is needed for removing the diaphragm 
from the metal part). To obtain proper overlapping 

45 and fitting, respectively, most accurate processing 
is necessary. However, even with the highest accu- 
racy, problems may arise in connection with the 
resistance to pull-down forces. Solutions, with 
which a nose-part is formed on the conical surface 

so in order to provide resistance to sliding down, are 
aimed at the solution of said problem. 

From Figure 5 it is obvious that the locking ring 
17 is provided with the nose-part 17a preventing 
back-slide of the diaphragm 18. Accordingly, 
sliding-up of the flanges of the diaphragm 18 re- 
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quires a far higher inner overpressure, than e.g. 
positioning of the marginal ring according to figure 
4. Prevention of back-slide of the flange 18 is of 
outmost importance also with diaphragms operated 
at low pressure. The advantage of the nose-part 
17a lies in that it prevents back-slide of the dia- 
phragm at air-springs operated in extreme posi- 
tions (e.g. in complete release of springs). 

It is disadvantageous, that the nose-part 17a 
requires a most accurate processing (it can be 
formed only with expensive cutting), and at the 
same time the mounting requires special tools and 
high internal pressure. 

The mode of fixation according to Figure 6, i.e. 
combined application of flange-formation and of the 
ring with the nose-like cross-section, represents the 
prior art, as it is described DE-AS 3 246 599. 

Further modes of fixation results in unreleasa- 
bie bonds between diaphragm, closing element 
and sometimes the piston (see e.g. DE-AS 3 246 
599). As a consequence, when rubber becomes 
damaged, the whole construction is to be thrown 
away, which is uneconomical and dangerous to the 
environment. 

The object of the invention is to eliminate defi- 
ciencies of known solutions, that means to provide 
an exchangable diaphragm of the air-spring, to 
prevent back-slide in course of use and to achieve 
a proper airtightness. A further object is to lower 
production costs of the metal part and to enable 
simple mounting. 

The essence of the invention is a flange-disc 
construction of an air-spring which enables better 
utilization of the possibilities concealed in the elas- 
ticity of the known flange of the diaphragm for 
achieving proper airtightness. 

Essential feature of the invention is that by 
using a flange-disc and a diaphragm with expedi- 
ently shaped flange, savings in production costs 
and far improved airtightness can be achieved in 
comparison to usual air-springs, and further, 
mounting can be carried out with a more simple 
technology and repair becomes more economical. 

When fixing the flange of the air-spring accord- 
ing to the invention the flange is divided in func- 
tional zones: 

Zone A is a surface capable of considerable 
deformation; by virtue of its elasticity the sealing is 
achieved; 

Zone B is a surface supported by marginal 
steel wire, as a consequence, stable fitting and 
tightness of the diaphragm is assured; 

Zone C is a decompressive surface, fitting to 
the metal surface of the section of the diaphragm- 
flange which is pressed through the maximal diam- 
eter of the metal part, having a reducing diameter; 
its resistance to back-slide is proportional with lab- 
our intensity of repeated compression. 



For the sake of better compression the air- 
spring according to the invention will now be de- 
scribed by way of example with reference to the 
accompanying drawings in which: 

5 Figures 1-5 show solutions according to the 

prior art, as cited in the preamble; 

Figure 6 is a fragmentary sectional view of 
an advantageous embodiment of the invention; 

Figure 7 is a semi-sectional view of a sec- 

iq ond embodiment of the invention; 

Figure 8 is a sectional view of a third em- 
bodiment of the invention. 

As shown in Fig. 6, a flange-disc 19 and an 
impact-surface 21 is interconnected by welding or 

75 gluing. The flange-disc represents a characteristic 
component of the metal fittings, which can be 
formed easily by deepdrawing. A diaphragm 20 is 
installed onto the conical surface of the flange-disc 
10 by an inner air-pressure, upon the effect of 

20 which the rubber rim of a flange 20a of the dia- 
phragm 20 becomes deformed, a part of the flange 
20a of the diaphragm 20 slides above the maximal 
diameter of the flange-disc 19 and snaps into an 
empty space-part 22 formed by the part with re- 

25 ducing diameter defined by the radius R of cur- 
vature, as shown in figure 7. As a matter of fact, in 
course of assembling the diaphragm, final position- 
ing if the flange 20a take places suddenly and it is 
mostly accompanied by a cracking sound. 

30 Following the snapping motion, the space-part 

between the flange 20a of the diaphragm 20 and 
the flange-disc 19 is filled with a raw rubber mix- 
ture, vucanized to the surface of the diaphragm 20 
and the metal strength of the bond can be further 

35 increased. The outworn diaphragm 20 may be cut, 
the filling material can be easily removed and the 
flange-disc 19 can be. repeatedly used. 

The flange 20a with the flange-disc 19 con- 
tained therein assuring airtight closure form collec- 

40 tiveiy a part of the complete air-spring. The flange- 
disc 19 can be mounted onto the other metal parts 
by means of a screwed connection or by welding, 
it may be glued thereto or any other mode of 
connection can be applied. 

45 Figures 7 and 8 illustrate the flanges 20a fixed 

to the disc-plate 19. Both ends of the rolling dia- 
phragm are provided with flange-discs 19 which 
can be equally dimensioned (figur 7) or their diam- 
eter can be different (figure 8). Said flange-discs 19 

so are connected releasably with the cloth-insert of 
the flanges 20a of the diaphragm 20 and the rub- 
ber, respectively, accordingly undesired stresses 
do not occur in the rubber containing the cloth- 
insert. The flanges 20a of the diaphragmes enable 

55 reliable function even in a loaded state. 

The rolling diaphragm 20 according to figure 7 
is made of a rubber mixture reinforced with textile; 
it may have a conical or cylindrical shape. The 
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diaphragm 20 is provided with flanges 20a having 
egual or different diameters. Said flanges 20a are 
facing the symmetry axis of the diaphragm 20. 

As it becomes obvious, a part of the flange 20a 
of the diaphragm 20 of the air-spring is arranged in s 
the spacepart 22 on the flange-disc, in such a 
manner extra force needed for the resistance to 
pulling-down can be obtained which is added to the 
forces resulting from overlapping and internal pres- 
sure. , 0 

Expediently introducing cone angle of the 
flange-disc 19 is to be adjusted so, that half-ap- 
erture angle a thereof is between 3* and 7* , while 
the height of the flange-disc 19, that means the 
length h of the perpendicular line measured from is 
the impact surface 21 fixed thereto, is 2 to 4 times 
longer than the radius R of curvature. 



Claims 2Q 

1 . Air-spring with a diaphragm (20) fixed to a 
closing element by overlapping fitting, wherein the 
diaphragm (20) is made of rubber or any other 
synthetic material similar to rubber, it is provided 25 
with a strength carrier insert and it has on one or 
both ends flanges (20a) reinforced with steel wire 
or any other suitable wire, characterized in that on 
one or both ends of the diaphragm (20) the closing 
element is a cylinder-symmetrical flange-disc (19) 30 
made of sheet-material processed expediently by 
the technology of sheet-deformation, which is sub- 
divided into sections promoting assembly with in- 
troductory continuously increasing and thereafter 
reduced local diameter, furtheron an impact surface 35 
(21) is provided for to assure proper positioning 
and airtightness of the diaphragm, while the latter 
one with the part of the flange-disc (19) with a 
reduced diameter thereto, as well as with the prop- 
erly positioned diaphragm (20) confines a closed 40 
annular space-part (22) on three sides. 

2. Air-spring as claimed in claim 1 , character- 
ized in that the closed space-part (22) formed 
between the diaphragm (20) and the flange-disc 

(19) is filled with raw rubber or an elastic adhesive. 45 

3. Air-spring as claimed in claim 1, character* 
ized in that both the introductory part of the flange- 
disc (19) with increasing local diameter and the 
part with reducing local diameter continuing up to 

the impact surface (21) are conically shaped. so 

4. Air-spring as claimed in claim 1 , character- 
ized in that half-aperture angle (a) of the introduc- 
tory part of the flange-disc (19) is between 3° and 
7° , while the height (h) measured from the impact 
surface (21) is 2 to 4 times longer than the radius 55 
(R) of curvature. 
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© Improved air-spring, in particular for the use under extreme conditions. 

@ An improved air-spring with a diaphragm (20) fixed to a 
closing element by overlapping fitting, wherein the diaphragm » 
(20) is made of rubber or any other synthetic material similar to ! 
rubber, it is provided with a strength carrier insert and it has on I 
one or both ends flanges (20a) reinforced with steel wire or any 
other suitable wire. 

In order to provide an air-spring construction with exchang- 
able diaphragm, to prevent back-slide in course of use, to 
achieve a proper airtightness and to reduce production costs 
on one or both ends of the diaphragm (20) the closing element 
is a cylinder-symmetrical flange-disc (19), made of sheet-ma- 
terial processed expediently by the technology of sheet-defor- 
mation, which is subdivided into sections promoting assembly 
with introductory continuously increasing and thereafter re- 
duced local diameter, furtheron an impact surface (21) is 
provided for to assure proper positioning and airtightness of 
the diaphragm (20), while the latter one with the part of the 
flange-disc (19) with a reduced diameter thereto, as well as with 
the properly positioned diaphragm (20) confines a closed 
annular space-part (22) on three sides. 
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